such as those with cancer, heart failure or major respiratory disease. [6] [7] [8] [9] However, given that patients who undergo joint replacement are often elderly and have multiple comorbidities, the risks associated with extended thromboprophylaxis, particularly gastrointestinal bleeding and hemorrhagic strokes, may be substantial and may be relative contraindications for this therapy.
10
Among patients discharged home after hip-or kneereplacement surgery, we sought characterize the use of thromboprophylaxis after discharge and its consequences on risk of short-term mortality.
Methods

Study design and data sources
We conducted a retrospective population-based cohort study using hospital admissions, physician claims, drug claims and demographic records obtained from health services administrative databases in Quebec. In this Canadian province, coverage for outpatient and inpatient physician services is provided for the entire population (about 7.5 million people). In addition, people aged 65 years or older (966 014 people), those who receive social assistance (508 809 people) and those who do not have private drug insurance (1 703 437 people) have their prescription drugs covered by the provincial government.
The prescription drug database contains information about all dispensed prescriptions, including drug name, dispensation date, dosage, form, duration and quantity dispensed. Drugs dispensed to patients during stays in hospitals or public nursing homes and over-the-counter drugs are not included in the database. This database has been validated and found to be both accurate and reliable. 11 The demographic database provides information on age, sex, postal code, type and dates of coverage by drug insurance plan, and date of death if applicable. For people aged 65 years or older, 3 types of drug insurance plans exist: guaranteed revenue supplement, partial revenue supplement or no revenue supplement. Enrollment in the guaranteed revenue supplement plan indicates a lower income; all other patients were classified as having higher income. The date of death in this database is considered to be accurate, but the cause of death is not recorded.
The hospital discharge summary database contains information about all admissions to short-term care hospitals. This information includes the type of hospital (university teaching or community-based), primary and secondary discharge diagnoses, procedures performed, admission date, provenance (home, another hospital or emergency department), length of stay, in-hospital death and cause, and discharge date and destination. This database has been validated for a number of conditions including hip fracture, 12 stroke, 13 myocardial infarction 14 and injury. 15 For these conditions, data accuracy is generally high. Hospitalization data have not been validated specifically for hip and knee replacement, but these procedures have been validated in a similar database in the province of Manitoba.
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The databases used in this study are linkable through a unique patient identifier. Permission to link the data was obtained from the ethics board in Quebec (Commission d'accès à l'information)
Inclusion and exclusion criteria
We included patients 65 years of age or older who underwent elective hip-or knee-replacement surgery (Canadian Classification of Diagnostic, Therapeutic and Surgical Procedures [total hip replacement 93.5x, partial hip replacement 93.6x, total knee replacement 93.41]) between January 1997 and December 2004. A surgery was classified as elective if the admission data indicated that the patient was admitted from home. We included only patients who were discharged home because the database used does not include medication information for patients in nursing homes or rehabilitation centres (medications are covered through institutional budgets for these patients). Thromboprophylaxis is recommended for up to 35 days after surgery for patients who received a hip replacement;
6 thus, we excluded patients with a hospital stay of more than 30 days because the need for outpatient thromboboprophylaxis for these patients was uncertain. We also excluded patients who experienced a venous thromboembolism during their hospital stay because anticoagulants prescribed at discharge would have been as treatment rather than as prophylaxis.
Hospital and patient characteristics at discharge
We included the following patient characteristics assessed at hospital discharge: demographic variables (age, sex, region of residence, income [high v. low as classified in the provincial drug plan for reimbursement purposes]); concurrent chronic diseases (assessed from hospital discharge summary diagnoses codes [cancer, ischemic heart disease, atrial fibrillation, congestive heart failure, cerebrovascular disease, hypertension, diabetes mellitus, osteoarthritis, rheumatoid arthritis, renal failure, gastrointestinal bleeding, hemorrhagic stroke]); type of admission as recoded in the database (urgent, semi-urgent, not urgent); length of hospital stay; type of surgery (total hip replacement, partial hip replacement, total knee replacement); type of hospital (teaching v. community); hospital volume (average number of hip-and knee-replacement surgeries performed per year [categorized according to quartiles]); and acetylsalicylic acid prescription dispensed at discharge
Outcome variables
We considered 2 dichotomous outcome variables: receipt of thromboprophylaxis after discharge and death within 3 months of discharge (short-term mortality). We identified thromboprophylaxis prescriptions from the prescription drug database (using drug identification numbers, available from the authors on request), including warfarin, low molecular-weight heparin, unfractionated heparin and fondaparinux. Patients who were dispensed any 1 of these medications within 1 day of the discharge date were classified as having received thromboprophylaxis after discharge. We considered only short-term mortality to limit the likelihood of including deaths unrelated to the joint surgery.
Statistical analyses
We used means and standard deviations or proportions to report patient characteristics and outcome variables. To study the association between patient characteristics and thromboprophylaxis after discharge, patients were separated into 2 groups according to whether they had received thromboprophylaxis after discharge. We compared the unadjusted patient characteristics between these groups using crude odds ratios (ORs) and 95% confidence intervals (CIs). An OR greater than 1 reflects a higher likelihood of receiving thromboprophylaxis after discharge.
Because extended thromboprophylaxis is more strongly recommended in the earlier days following surgery, we categorized the length of hospital stay into 3 categories (1-7, 8-14 and 16-30 days) based on quartiles, and we examined the characteristics and proportions of those dispensed thromboprophylaxis after discharge in these categories. Multivariable logistic regression models were used to assess the association between patient and hospital characteristics and thromboprophylaxis after discharge. We expressed the results as ORs and 95% CIs. Multicolinearity was assessed using the variance inflation factor (a factor of 10 or greater indicates multicolinearity). 17 We examined the goodness-of-fit of the model using the Hosmer-Lemeshow test. Receivers operating characteristics curves were also plotted. A larger area under the curve indicates better fit. We plotted Kaplan-Meir curves to display the unadjusted time-to-death in the 3-month period after discharge among those who did or did not receive thromboprophylaxis after discharge.
We constructed Cox regression models to examine the association between patient and hospital characteristics and short-term mortality. We checked the proportional hazard assumption by examining the plots of log (-log[survival]) versus log survival time for those who did or did not receive thromboprophylaxis therapy. We also examined interactions between thromboprophylaxis therapy and ischemic heart disease, heart failure, atrial fibrillation and cancer. Analyses by propensity score were also conducted. In these analyses, the propensity score was defined as the likelihood of being dispensed thromboprophylaxis at discharge. 18 We divided patients into 5 groups by propensity score quintiles and used Cox regression models to stratify by propensity score category.
We performed subgroup analyses using separate models for each type of surgery (total hip, partial hip or total knee replacement). We repeated the analysis after excluding patients with cancer, heart failure, ischemic heart disease, atrial fibrillation, cerebrovascular disease and renal failure. We also repeated the analysis using separate models for patients aged more or less than 75 years of age, and we constructed separate models in each stratum based on the length of hospital stay (1-7, 8-14 and 15-30 days).
Results
Patient characteristics
In total, 32 884 patients underwent hip-or knee-replacement surgery during the study period in 64 hospitals, of which 19 were university teaching hospitals). Of the 64 hospitals, 16
were low-volume hospitals (1-18 hip-or knee-replacement surgeries per year during the study period), 16 were medium-low-volume hospitals (19-68 surgeries per year), 16 were medium-volume hospitals (69-116 surgeries per year) and 16 were high-volume hospitals (> 116 surgeries per year). In total, 30 468 underwent the procedure electively. Of these patients, 1161 died in hospital and 656 experienced a venous thromboembolism during their hospital stay and were therefore excluded. We excluded an additional 2365 patients because their hospital stay was longer than 30 days. Of the remaining 26 286 patients, 10 744 (4566 total hip replacements, 2492 partial hip replacements, 3686 total knee replacements) were discharged home and were included in our study cohort ( Figure 1 ).
On average, study patients were aged 75.4 (standard deviation [SD] 6.8) years, 37.9% were men and 65.7% received hip replacements. Of the included patients, 2059 (19.2%) filled a prescription for a thomboprophylaxis agent within 1 day of discharge. The remaining 8685 patients were grouped as having received no thromboprophylaxis. The proportion of study patients who received thromboprophylaxis after discharge varied widely between hospitals, ranging from 0% in some low-volume hospitals to 72% in one medium-low volume hospital (median 13.6%, interquartile range 7.9%-27.1%).
Our unadjusted analysis showed that, compared with patients who received no thromboprophylaxis after discharge, those who received thromboprophylaxis were slightly younger. They were also more likely to be men, to have osteoarthritis, hypertension or diabetes, to have a higher income and to have received surgery in a medium-volume hospital (69-116 hip and knee surgeries per year). However, they were less likely than those who received no thromboprophylaxis to have been treated at a university teaching hospital, to have had an urgent admission or to have had a longer hospital stay ( Figure 2 ).
The proportion of patients who received thromboprophylaxis after discharge was low regardless of length of hospital stay. Of those discharged within 7 days of surgery, 20.4% received thromboprophylaxis, compared with 20.3% of those discharged within 8-14 days and 15.4% of those discharged within 15-30 days. Patient and hospital characteristics are shown in Table 1 . Compared with patients in hospital for 14 or less days, patients in hospital for 15 or more days were older and they were more likely to be women, to have more comorbidities, urgent hospital admission or to have had a partial (v. total) hip replacement.
Multivariable logistic-regression models showed that patients with longer hospital stays were less likely than those with shorter stays to receive thromboprophylaxis after discharge (15-30 v. 1-7 days, OR 0.69, 95% CI 0.59-0.81). Patients admitted to a teaching hospital were less likely than those admitted to a community hospital to receive thromboprophylaxis after discharge (OR 0.89, 95% CI 0.80-1.00). Patients with atrial fibrillation (OR 1.85, 95% CI 1.23-2.78) or hypertension (OR 1.26, 95% CI 1.14-1.39) as well as those with higher income (OR 1.11, 95% CI 1.00-1.22), those treated in medium-volume hospital (v. low volume, OR 1.69, 95% CI 1.14-2.22) and those who received a total hip replace-ment (v. total knee replacement, OR 1.14, 95% CI 1.02-1.28) were more likely to have received thromboprophylaxis after discharge ( Figure 2) . Multivariable logistic models constructed within each stratum of length of hospital stay gave similar results (data not shown). However, among patients in hospital for 15-30 days, the likelihood of receiving thromboprophylaxis after discharge did not differ by type of hospital (teaching v. community hospital, OR 1.17, 95% CI 0.66-2.09), nor did it differ by type of surgery received (total hip v. total knee replacement, OR 0.65, 95% CI 0.22-2.04).
Death within 3 months of discharge
Kaplan-Meier curves showing time to death in the 3-month period after discharge are shown in Figure 3 . These curves suggest that the risk of death is higher among patients who did not receive thromboprophylaxis than among those who received the medication. Table 2 presents the patient and hospital characteristics for patients at the end of the 3-month period after discharge. Predictors of short-term mortality were increased age (hazard ratio [HR] Table 2) . Analyses stratified by propensity score gave similar results (data not shown). Of note, propensity scores ranged from 0-0.5, indicating that patient characteristics did not explain much of the decision to prescribe thromboprophylaxis.
Secondary analysis
Separate models constructed for patients with total hip or partial hip or knee replacements gave similar results overall. However, the analysis including patients who received total hip and total knee replacements lacked statistical power because of the low number deaths that occurred in the 3-month period after discharge (11 and 27 deaths respectively). The hazard ratio for thromboprophylaxis was 0.30 among patients with total hip replacement (95% CI 0.07-1.32), 0.33 among those with partial hip replacement (95% CI 0.18-0.60) and 0.40 among those with total knee replacement (95% CI 0.05-3.17) (data not shown).
We found a significant effect of thromboprophylaxis on mortality risk in analyses restricted to patients who did not have cancer, heart failure, atrial fibrillation or ischemic heart disease (HR 0.25, 95% CI 0.11-0.57) and in analyses restricted to patients who had 1 or more of these diseases (HR 0.46, 95% CI 0.25-0.85). We found a similar result when we grouped patients by age (HR 0.45 among those aged < 75 years, 95% CI 0.13-1.62; HR 0.32 among those aged ≥ 75 years, 95% CI 0.17-0.57); however, the result in the younger age group was not statistically significant because of the low number of death (27) in this group. When we analyzed the data using separate models for length of hospital stay, we found similar results, although the number of deaths was low among patients who received thromboprophylaxis (length of hospital stay 1-7 days, HR 0.29, 95% CI 0.08-0.93; 8-14 days, HR 0.32, 95% CI 0.15-0.70; 15-30 days, HR 0.44, 95% CI 0.17-1.14).
Interpretation
We found that only 19% of elderly patients discharged home after hip or knee replacement surgery received postdischarge thromboprophylaxis. After discharge use was low regardless of the type of surgery, ranging from 14.0% to 21.6%. It was also low among patients who stayed in hospital for 7 days or less (20%). Compared with patients who did not receive thromboprophylaxis after discharge, those who received thromboprophylaxis after discharge were at lower risk of short-term mortality. This result was robust because of the the analytical methodology used, and it was consistent regardless of age, patient comorbidities and type of surgery. Expert consensus guidelines recommend that patients receive thromboprophylaxis for at least 10 days after kneereplacement surgery and from 10 to 35 days following hipreplacement surgery. 6, 19 In spite of these recommendations, only 19% of patients in our study received thromboprophy- Table 2 . ‡Hospital volume was defined as the number of hip-or knee-replacement surgeries performed per year during the study period (grouped by quartiles). §High income was defined as patients who were not enrolled in the provincial guaranteed revenue supplement plan.
laxis after discharge. The prolonged length of stay only partly explained the low rate of use. Although it is not possible to determine with certainty from our database if a patient who would have benefited from thromboprophylaxis did not receive it, the observed proportion of thromboprophylaxis after discharge is suboptimal even if we assumed that 30%-40% of study patients did not require the medication. Published literature also reports lower than recommended use of thromboprophylaxis after discharge following hipand knee-replacement surgery; however, the determinants of this low use are not well understood. 6, [20] [21] [22] [23] [24] [25] In our study, patients who received hip-or knee-replacement surgery at a teaching hospital were less likely than those who received surgery at a community hospital to receive thromboprophylaxis after discharge, and those with higher income were more likely to receive these medications after discharge. These findings require further investigation to assess whether they reflect differences in physician behaviour or health status between patients with higher and lower incomes and differences between patients at teaching and community hospitals.
Our study also revealed that patients who received thromboprophylaxis after discharge were at lower risk of short-term mortality than patients who did not receive these medications. Although only a small proportion of the deaths is expected to be from thromboembolic causes, we do not believe that confounding is responsible for this result because the risk of mortality from other causes is expected to be the same among those who did or did not receive thromboprophylaxis and because our model adjusted for comorbidities. Nonetheless, a causal link between thromboprophylaxis after discharge and decreased mortality cannot be definitely established based on our results alone because the reasons for not prescribing extended thromboprophylaxis therapy are not known.
Study patients with higher incomes were at lower risks of short-term mortality than those with lower incomes, perhaps reflecting better health among these patients., 26, 27 Patients with longer hospital stays compared to those with shorter stays were also at lower risks of short-term mortality. Of note, patients who received surgery at high-volume hospitals were more often discharged within 7 days of surgery compared to patients who received surgery at lower-volume hospitals. A prospective study is needed to establish whether some patients are being prematurely discharged.
A few published studies have examined the risk of shortterm mortality after discharge following hip-and kneereplacement surgery. [28] [29] [30] In general, these studies reported lower short-term mortality risks compared with our study. For example, using a hospital discharge database in California, White and colleagues reported that 0.9% of hipreplacement patients and 0.6% of knee-replacement patients died in the 3-month period after discharge. 28 The mortality risk was higher in our study (2.1%) because we included patients who had partial hip replacements. The mortality among these patients was 7.4%, compared with 0.6% among patients with total hip replacements and 0.3% among those with total knee replacements.
The strengths of our study include the use of large, population-based administrative databases that contained data collected independently of our study objectives. These databases included a large number of variables relevant to the study questions. The databases and study design afforded us the opportunity to examine the outpatient thromboprophylaxis among patients aged 65 years and older who were discharged home after a hospital stay because of hip-or kneereplacement surgery. The database and study design also allowed us to examine the risk of short-term mortality after discharge. Our study results were robust to the analytical methodology used (multivariable modeling, propensity score adjustment and stratified analyses) and were consistent in all subgroups examined, which indicates limited residual confounding.
Limitations
The limitations of our study are also related to the use of administrative databases, which do not include the indication for which a medication is prescribed and actual drug consumption. For example, warfarin could have been prescribed at discharge for atrial fibrillation but not for prophylaxis against venous thromboembolism. However, if this were true, some patients prescribed warfarin were at higher risk of death at baseline compared with those not prescribed this medication, which would have biased our mortality results toward a higher risk. Indeed, when we excluded patients with atrial fibrillation, heart failure, cancer and ischemic heart disease, the association between thromboprophylaxis and mortality was stronger. In addition, if some of the prescribed anticoagulants were for indications other than the prevention of venous thromboembolism, the prevention of venous thromboembolism with postdischarge thromboprophylaxis was less frequent than reported in our study. However, some patients prescribed thromboprophylaxis could have been healthier than those not prescribed these medications for reasons that were not apparent in the databases. For example, physicians may refrain from prescribing extended thromboprophylaxis to patients with numerous comorbidities for fear of bleeding. Although our analyses adjusted for known comorbidities, information about some comorbidities (e.g., history of gastrointestinal bleeding, venous thromboembolism) may have been incomplete; thus, there is a possibility that healthier patients may have been channeled into the thromboprophylaxis group and that our analyses did not fully adjust for channeling bias.
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Lack of information about compliance with the prescription regimen is also a limitation of our study. Although elderly postoperative patients are believed to be generally compliant with their prescription regimens, patients who were not would have been included in the thromboprophylaxis group even if they were not actually taking these medications, which would result in a risk of death that was lower than reported. Finally, our study considered only patients discharged home following a hospital stay because of hip-or knee-replacement surgery; therefore, our results may not be generalizable to all patients undergoing these surgeries. Further studies are needed to examine the relations between the duration of thromboprophylaxis and the risk of venous thromboembolism and bleeding after discharge.
In conclusion, fewer than 1 in 5 patients received thromboprophylaxis after discharge following hip or knee replacement despite clinical guidelines. This is particularly concerning because those who received thromboprophylaxis at discharge were less likely to die within the 3-month period after discharge compared with those who did not receive these medications.
